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(57) ABSTRACT
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order from the object; and on a side closest to an 1mage, a
cemented lens constructed by cementing together a positive
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n2 and v2 denote a refractive index and an Abbe number of the
second lens component at d-line, respectively.
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LENS SYSTEM, OPTICAL DEVICE WITH
LENS SYSTEM, AND METHOD OF
MANUFACTURING LENS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lens system, an optical
device equipped with the lens system, and a method of manu-
facturing lens system.

2. Related Background Art

As a lens type which has a relatively bright f-number and
casily achieves high optical performances in photographic
cameras, video cameras, and the like, so-called Gaussian
lenses have been known conventionally and 1n wide use now
(see, for example, Japanese Patent Application Laid-Open

No. 1-302311).

SUMMARY OF THE INVENTION

However, the conventional lenses have a problem 1n that
chromatic aberration, such as secondary spectrum in particu-
lar, may not be corrected suiliciently.

In view of such a problem, 1t 1s an object of the present
invention to provide a lens system which has an f-number of
about 1.2 and can favorably correct various aberrations, such
as chromatic aberration in particular, of the whole picture,
thereby exhibiting high optical performances over the whole
picture.

For purposes of summarizing an embodiment of the inven-
tion, certain aspects, advantages, and novel features of the
invention have been described herein. It 1s to be understood
that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention.
Thus, the mvention may be embodied or carried out in a
manner that achieves or optimizes one advantage or group of
advantages as taught herein without necessary achieving
other advantages as may be taught or suggested herein.

In one aspect, the present invention provides a lens system
comprising, on a side closest to an object, a first lens compo-
nent having a positive refractive power and a second lens
component having a positive refractive power 1n order from
the object and, on a side closest to an 1mage, a cemented lens
constructed by cementing together a positive lens and a nega-
tive lens 1n order from the object, the lens system satisiying,
the following conditional expressions:

(n14#2)/2>1.49

(v1+v2)/2>60

where nl and v1 denote a refractive mndex and an Abbe
number of the first lens component at d-line, respectively, and
n2 and v2 denote a refractive index and an Abbe number of the
second lens component at d-line, respectively.

In such a lens system, each of the first and second lens
components may have a meniscus form with a convex surface
facing the object.

Such a lens system may further comprise a front-side nega-
tive lens component having a negative refractive power, an
aperture stop, a rear-side negative lens component having a
negative refractive power, and a rear-side positive lens com-
ponent having a positive refractive power in order ifrom the
object between the second lens component and the cemented
lens.

Such a lens system may further comprise a third lens com-
ponent having a meniscus form with a convex surface facing,
the object between the second lens component and the front-
side negative lens component.

10

15

20

25

30

35

40

45

50

55

60

65

2

In such a lens system, the front-side negative lens compo-
nent may be a fourth lens component having a meniscus form
with a convex surface facing the object, while the rear-side
negative lens component may be a fifth lens component hav-
ing a double concave form.

Such a lens system may further comprise a seventh lens
component having a positive refractive power between a sixth
lens component as the rear-side positive lens component and
the cemented lens.

In such a lens system, the rear-side negative lens compo-
nent and the rear-side positive lens component may be
cemented together so as to form a cemented lens.

Such a lens system may satisty the following conditional
CXPressions:

nR{>nY

vR>vO

where n8 and v8 denote a refractive mndex and an Abbe
number of the positive lens 1n the cemented lens arranged
closest to the image at d-line, respectively, and n9 and v9
denote a refractive index and an Abbe number of the negative
lens 1n the cemented lens arranged closest to the 1image at
d-line, respectively.

Such a lens system may satisiy the following conditional
eXpression:

0.3 <p8/f<0.5

where r8 denotes a radius of curvature of an image-side
surface of the front-side negative lens component, and {
denotes a focal length of the lens system as a whole.

In such a lens system, the cemented lens arranged closest to
the 1mage may be moved at a speed different from that of
another lens along an optical axis upon focusing.

Such a lens system may satisiy the following conditional
eXpression:

1 <fR9/f<2

where 189 denotes a focal length of the cemented lens
arranged closest to the 1image, and 1 denotes a focal length of
the lens system as a whole.

In such a lens system, the positive lens in the cemented lens
arranged closest to the image may have a double convex form.

The present invention provides an optical device equipped
with any of the lens systems mentioned above.

In another aspect, the present mvention provides a lens
system comprising, in order from an object, a front-side lens
group having a positive refractive power and a rear-side lens
group having a positive refractive power; wherein the front-
side lens group comprises, 1n order from the object, a first lens
component having a positive refractive power, a second lens
component having a positive refractive power, a third lens
component having a positive refractive power, a fourth lens
component having a negative refractive power, an aperture
stop, a fifth lens component having a negative refractive
power, a sixth lens component having a positive refractive
power, and a seventh lens component having a positive refrac-
tive power; wherein the rear-side lens group includes a
cemented lens constructed by cementing together a positive
lens and a negative lens in order from the object; wherein,
upon focusing from infinity to the object at a short distance,
the front-side lens group and the rear-side lens group move
along an optical axis by respective amounts of movement
different from each other so as to increase a distance between
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the front-side lens group and the rear-side lens group; and
wherein the lens system satisfies the following conditional
CXPression:

0.79<fF/fR<1.58

where {F denotes a focal length of the front-side lens group,
and 1R denotes a focal length of the rear-side lens group.

In such a lens system, the front-side lens group and the
rear-side lens group may move by respective ratios of move-
ment different from each other along the optical axis upon
focusing from an intermediate shooting distance to the object
at the short distance.

Such a lens system may satisty the following conditional
CXPression:

0.78<(=f9)/f<1.59

where 19 denotes a focal length of the negative lens 1n the
rear-side lens group, and 1 denotes a focal length of the lens
system as a whole.

In such a lens system, the fifth lens component may have a
double concave form, while the sixth lens component may
have a double convex form.

In such a lens system, the seventh lens component may be
a positive lens having a double convex form.

In such a lens system, the seventh lens component may be
a positive meniscus lens having a convex surface facing an
image.

In st1ll another aspect, the present invention provides a lens
system comprising, in order from an object, a front-side lens
group having a positive refractive power and a rear-side lens
group having a positive refractive power; wherein the front-
side lens group comprises, 1 order from a side closest to the
object, a first lens component having a positive refractive
power and a second lens component having a positive refrac-
tive power; wherein the rear-side lens group comprises a
cemented lens constructed by cementing together a positive
lens and a negative lens 1n order from the object; and wherein
the lens system satisfies the following conditional expres-
S101S:

(v1+v2)/2>60

0.35<yR1AF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infinity to a
magnification of —0.01, and yR1 denotes an amount of move-
ment of the rear-side lens group upon focusing from infinity
to the magnification of —0.01.

In such a lens system, the front-side lens group and the
rear-side lens group may move by respective ratios of move-
ment different from each other along an optical axis upon
focusing from an intermediate shooting distance to the object
at a short distance.

In such a lens system, the lens system may satisty the
tollowing conditional expression:

0.35<yR2AF2<0.50

where vF2 and yR2 denote respective amounts of movement
of the front- and rear-side lens groups upon focusing from
infinity to a magnification of —0.07.

In st1ll another aspect, the present invention provides a lens
system comprising, in order from an object, a front-side lens
group having a positive refractive power and a rear-side lens
group having a positive refractive power; wherein the front-
side lens group comprises, on the object side of an aperture
stop, a first lens group having a positive refractive power and
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a second lens group having a positive refractive power;
wherein the rear-side lens group comprises a cemented lens
constructed by cementing together a positive lens and a nega-
tive lens 1n order from the object; and wherein the lens system
satisfies the following conditional expressions:

(v1+v2)/2>60

0.35<yR1AF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infimity to a
magnification ol —0.01, and yR1 denotes an amount of move-
ment of the rear-side lens group upon focusing from infinity
to the magnification of —0.01.

In such a lens system, the front-side lens group and the
rear-side lens group may move by respective ratios of move-
ment different from each other along an optical axis upon
focusing from an intermediate shooting distance to the object
at a short distance.

In such a lens system, the lens system may satisiy the
tollowing conditional expression:

0.35<yR2AF2<0.50

where vF2 and yR2 denote respective amounts of movement
of the front- and rear-side lens groups upon focusing from
infinity to a magnification of —0.07.

In still another aspect, the present imnvention provides a
method of manufacturing a lens system, the method compris-
ing the steps of: arranging, on a side closest to an object, a first
lens component having a positive refractive power and a
second lens component having a positive refractive power 1in
order from the object; and arranging, on a side closest to an
image, a cemented lens constructed by cementing together a
positive lens and a negative lens in order from the object;
wherein the lens system satisfies the following conditional
CXPressions:

(n1+72)/2>1.49

(v1+v2)/2>60

where nl and v1 denote a refractive mndex and an Abbe
number of the first lens component at d-line, respectively, and
n2 and v2 denote arefractive index and an Abbe number of the
second lens component at d-line, respectively.

In such a method of manufacturing a lens system, the lens
system may further comprise a front-side negative lens com-
ponent having a negative refractive power, an aperture stop, a
rear-side negative lens component having a negative refrac-
tive power, and a rear-side positive lens component having a
positive refractive power in order from the object between the
second lens component and the cemented lens.

In such a method of manufacturing a lens system, the
cemented lens arranged closest to an image may be moved at
a speed different from that of another lens along an optical
ax1is upon focusing.

In still another aspect, the present imvention provides a
method of manufacturing a lens system, the method compris-
ing the steps of arranging a front-side lens group having a
positive refractive power and a rear-side lens group having a
positive refractive power 1n order from an object; and focus-
ing from infimity to the object at a short distance by moving
the front-side lens group and the rear-side lens group along an
optical axis by respective amounts of movement different
from each other so as to increase a distance between the
front-side lens group and the rear-side lens group; wherein the
front-side lens group comprises, 1n order from the object, a
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first lens component having a positive refractive power, a
second lens component having a positive refractive power, a
third lens component having a positive refractive power, a
fourth lens component having a negative refractive power, an
aperture stop, a fifth lens component having a negative refrac-
tive power, a sixth lens component having a positive refractive
power, and a seventh lens component having a positive refrac-
tive power; wherein the rear-side lens group includes a
cemented lens constructed by cementing together a positive
lens and a negative lens 1n order from the object; and wherein
the lens system satisfies the following conditional expression:

0.79<fF/fR<1.58

where IF denotes a focal length of the front-side lens group,
and 1R denotes a focal length of the rear-side lens group.

In such a method of manufacturing a lens system, the
front-side lens group and the rear-side lens group may move
by respective ratios ol movement different from each other
along the optical axis upon focusing from an intermediate
shooting distance to the object at the short distance.

In such a method of manufacturing a lens system, the lens
system may satisiy the following conditional expression:

0.78<(=f9)/f<1.59

where 19 denotes a focal length of the negative lens 1n the
rear-side lens group, and 1 denotes a focal length of the lens
system as a whole.

In still another aspect, the present imnvention provides a
method of manufacturing a lens system, the method compris-
ing the steps of arranging a front-side lens group having a
positive refractive power and including, in order from an
object, a first lens component having a positive refractive
power and a second lens component having a positive refrac-
tive power, and a rear-side lens group having a positive refrac-
tive power and including a cemented lens constructed by
cementing together a positive lens and a negative lens 1n order
from the object; and moving the front-side lens group so as to
focus from infinity to a magnification of —0.01; wherein the
lens system satisfies the following conditional expressions:

(v1+v2)/2>60

0.35<yR1AF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infimity to a
magnification ol —0.01, and yR1 denotes an amount of move-
ment of the rear-side lens group upon focusing from nfinity
to the magnification of —0.01.

In such a method of manufacturing a lens system, the lens
system may satisiy the following conditional expression:

0.35<yR2AF2<0.50

where yF2 and yR2 denote respective amounts of movement
of the front- and rear-side lens groups upon focusing from
infinity to a magnification of —0.07.

In still another aspect, the present imnvention provides a
method of manufacturing a lens system, the method compris-
ing the steps of arranging, on an object side of an aperture
stop, a front-side lens group having a positive refractive
power and 1including a first lens component having a positive
refractive power and a second lens component having a posi-
tive refractive power, and a rear-side lens group having a
positive refractive power and including a cemented lens con-
structed by cementing together a positive lens and a negative
lens 1n order from the object; and moving the front-side lens
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group so as to focus from infinity to a magnification of -0.01;
wherein the lens system satisfies the following conditional
CXPressions:

(v1+v2)/2>60

0.35<yR1AF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infinity to a
magnification of —0.01, and yR1 denotes an amount of move-
ment of the rear-side lens group upon focusing from infinity
to the magnification of —0.01.

In such a method of manufacturing a lens system, the lens
system may satisiy the following conditional expression:

0.35<yR2AF2<0.50

where vF2 and yR2 denote respective amounts of movement
of the front- and rear-side lens groups upon focusing from
infinity to a magnification of —0.07.

When constructed as 1n the foregoing, the lens system, the
optical device equipped with the lens system, and the method
of manufacturing the lens system in accordance with the
present invention can yield a lens system which has an f-num-
ber of about 1.2 and can favorably correct various aberrations,
such as chromatic aberration 1n particular, of the whole pic-
ture, thereby exhibiting high optical performances over the
whole picture.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the structure of the lens
system 1n accordance with Example 1;

FIG. 2A 1s an aberration chart in Example 1 showing vari-
ous aberrations 1n a state focused at infinity;

FIG. 2B 1s an aberration chart in Example 1 showing vari-
ous aberrations in a state focused at a finite distance;

FIG. 3 1s a sectional view showing the structure of the lens
system 1n accordance with Example 2;

FIG. 4A 1s an aberration chart in Example 2 showing vari-
ous aberrations 1n a state focused at infinity;

FIG. 4B 1s an aberration chart in Example 2 showing vari-
ous aberrations 1n a state focused at a finite distance;

FIG. 5 1s a sectional view showing the structure of the lens
system 1n accordance with Example 3;

FIG. 6 A 1s an aberration chart in Example 3 showing vari-
ous aberrations 1n a state focused at infinity;

FIG. 6B 1s an aberration chart in Example 3 showing vari-
ous aberrations 1n a state focused at a finite distance;

FIG. 7 1s a sectional view showing the structure of the lens
system 1n accordance with Example 4;

FIG. 8 A 1s an aberration chart in Example 4 showing vari-
ous aberrations 1n a state focused at infinity;

FIG. 8B 1s an aberration chart in Example 4 showing vari-
ous aberrations 1n a state focused at a finite distance;

FIG. 9A 1s a front view of a digital still camera mounted
with the lens system 1n accordance with the present invention;

FIG. 9B 1s a rear view of the digital still camera mounted
with the lens system 1n accordance with the present invention;

FIG. 101s a sectional view taken along the line A-A' of FIG.
OA;

FIG. 11 1s a sectional view showing the structure of the lens
system 1n accordance with Example 5;

FIG. 12A 1s an aberration chart in Example 5 showing
various aberrations 1n a state focused at infinity;
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FIG. 12B 1s an aberration chart in Example 5 showing
various aberrations in a state focused at an intermediate

shooting distance;

FIG. 12C i1s an aberration chart in Example 5 showing
various aberrations 1n a state focused at a short distance;

FI1G. 13 15 a sectional view showing the structure of the lens
system 1n accordance with Example 6;

FIG. 14A 1s an aberration chart in Example 6 showing
various aberrations 1n a state focused at infinity;

FIG. 14B 1s an aberration chart in Example 6 showing
various aberrations in a state focused at an intermediate
shooting distance;

FIG. 14C 1s an aberration chart in Example 6 showing
various aberrations 1n a state focused at a short distance;

FI1G. 15 1s a sectional view showing the structure of the lens
system 1n accordance with Example 7/;

FIG. 16A 1s an aberration chart in Example 7 showing
various aberrations 1n a state focused at infinity;

FIG. 16B 1s an aberration chart in Example 7 showing
various aberrations 1n a state focused at an intermediate
shooting distance;

FIG. 16C 1s an aberration chart in Example 7 showing
various aberrations 1n a state focused at a short distance;

FI1G. 17 1s a sectional view showing the structure of the lens
system 1n accordance with Example 8;

FIG. 18A 1s an aberration chart in Example 8 showing
various aberrations 1n a state focused at infinity;

FIG. 18B i1s an aberration chart in Example 8 showing
various aberrations in a state focused at an intermediate
shooting distance;

FIG. 18C 1s an aberration chart in Example 8 showing
various aberrations 1n a state focused at a short distance; and

FI1G. 19 1s a view for explaining a cross-sectional structure
of a digital still camera mounted with the lens system 1n
accordance with the present invention.

FIG. 20 1s a flowchart showing a method of manufacturing
the zoom optical system 1n accordance with the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

In the following, a preferred first embodiment of the
present invention will be explained with reference to the
drawings. As shown 1n FI1G. 1, this lens system ZL comprises,
in order from an object along an optical axis, a first lens
component G1 having a positive refractive power, a second
lens component G2 having a positive refractive power, and a
cemented lens G89 which 1s positioned closest to an 1mage
and constructed by cementing together a positive lens G8 and
a negative lens G9 1n order from the object. Such a structure
allows the lens system ZL to become a large-aperture lens
having an effective diameter on the order of 25 to 30 mm.
Since the cemented lens G89 constructed by cementing the
positive lens G8 and negative lens G9 together 1s arranged as
the lens closest to the image, the image-side lens also exhibits
an achromatic effect, whereby the lens system ZL as a whole
can correct the chromatic aberration. Such a cemented lens
can prevent light beams from being totally reflected, so that
the light beams can favorably pass through the lens.

As shown 1n FIG. 1, a specific preferred mode of the lens
system ZL comprises not only the above-mentioned first lens
component 1, second lens component G2, and cemented
lens G89, but also, 1n order from the object between the image
side of the second lens component G2 and the object side of
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the cemented lens G89, a third lens component G3 having a
meniscus form with a convex surface facing the object, a
front-side negative lens component G4 having a negative
refractive power, an aperture stop S, a cemented lens G56
constructed by cementing together a rear-side negative lens
component G5 having a negative refractive power and a rear-
side positive lens component G6 having a positive refractive
power, and a seventh lens component G7 having a positive
refractive power, so as to be composed of nine lenses 1n seven
groups.

The lens system ZL 1s a modification of a so-called Gaus-
s1an lens system. The Gaussian lens system has a form sub-
stantially symmetrical about a stop, thereby making 1t easy to
correct distortion and the like. As in the Japanese Patent
Application Laid-Open No. 1-302311, three lens components
(first to third lens components G1 to G3 m FIG. 1) are
arranged on the object side of the negative meniscus lens
(front-side negative lens component G4 1n FI1G. 1) positioned
closer to the object than 1s the aperture stop S in the lens
system ZL, so as to increase their respective radi1 of curva-
ture, thereby suppressing the occurrence of spherical aberra-
tion.

Preferably, each of the first lens component G1 and second
lens component G2 1nthe lens system Z1 has ameniscus form
with a convex surface facing the object. Preferably, the front-
side negative lens component G4 as the fourth lens compo-
nent has a meniscus form with a convex surface facing the
object. Preferably, the rear-side negative lens component G35
as the fifth lens component has a double concave form. Pret-
crably, the positive lens G8 in the cemented lens G89
arranged closest to the image has a double convex form.

When arranging the third lens component G3 having a
positive or negative refractive power between the second lens
component G2 and the front-side negative lens component
(G4 as mentioned above, the third lens component G3 1s pret-
erably composed of one or two lenses. When the seventh lens
component G7 1s arranged between the rear-side negative lens
component G5 and the cemented lens G89, the seventh lens
component G7 1s preferably composed of one or two lenses
and preferably has a positive refractive power.

Conditions for constructing such a lens system ZL will now
be explained. First, the lens system ZL 1s constructed such as
to satisiy the following conditional expressions (1) and (2):

(1)

(n14+#2)/2>1.49

(v1+v2)/2>60 (2)

wherenl and vl denote the refractive index and Abbe number
of the first lens component GG1 at d-line, respectively, and n2
and v2 denote the refractive index and Abbe number of the
second lens component G2 at d-line, respectively.

The conditional expressions (1) and (2) are conditions for
defining the refractive power and dispersion of the two menis-
cus lens components G1, G2 on the object side. Satisfying the
conditional expressions (1) and (2) at the same time can make
the dispersion smaller than typical materials relative to the
refractive index and favorably correct chromatic aberration.
In particular, coma on the lower side can favorably be cor-
rected. Satistying the conditional expressions (1) and (2) can
also be effective 1n correcting chromatic aberration 1n the
Gaussian lens system ZL 1n which the lens component on the
object side 1s greatly influential 1n the occurrence of chro-
matic aberration.

Preferably, assuming that n8 and v8 denote the refractive
index and Abbe number of the positive lens 1n the cemented
lens arranged closest to the image at d-line, respectively, and
n9 and v9 denote the refractive index and Abbe number of the
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negative lens 1in the cemented lens arranged closest to the
image at d-line, respectively, the lens system ZL satisfies the
following conditional expressions (3) and (4):

nR{>nY

(3)

v 8>v9

(4)

The conditional expressions (3) and (4) are conditions for
defining the refractive powers and dispersions of the positive
lens G8 and negative lens G9 in the cemented lens G89
arranged closest to the image. Satistying the conditional
expression (3) can prevent the Petzval sum from 1ncreasing.
Satistying the conditional expression (4) can correct chro-
matic aberration. If a material having a high refractive index
1s used for the positive lens G8 1n order to suppress the
occurrence of coma and spherical aberration, the dispersion
will increase, whereby the negative lens G9 will tend to have
a high refractive index for correcting chromatic aberration.
This will increase the Petzval sum. Hence, when the
cemented lens G89 arranged closest to the 1mage 1s a
cemented lens satistying the conditional expressions (3) and
(4) at the same time, the achromatism and Petzval sum can be
prevented from increasing. For making the effects of this
embodiment more reliable, 1t will be more preferred 1t the
Abbe number v8 of the positive lens G8 1s greater than the
Abbenumber v9 of the negative lens G9 by atleast 20, 1.e., the
following conditional expression (al) 1s satisfied:

v&-Vv9=>20 (al)

Preferably, the lens system ZL satisfies the following con-
ditional expression (5):

0.3 <r8/f<0.3 (5)

where r8 denotes the radius of curvature of an 1image-side
surface of the front-side negative lens component G4 (the
eighth lens surface counted in order from the object 1n FIG.
1), and 1 denotes the focal length of the lens system ZL as a
whole.

The conditional expression (5) 1s a condition for defiming
the ratio ol the radius of curvature o the image-side surface of
the front-side negative lens component G4 to the focal length
. When the ratio 1s less than the lower limit of the conditional
expression (5), coma 1s harder to correct. Also, the rear group
increases 1ts power as a whole, so that spherical aberration
may not be corrected favorably, which 1s unfavorable. When
the ratio exceeds the upper limit of the conditional expression
(5), on the other hand, the Petzval sum increases so much that
curvature of field may be harder to correct, which 1s unfavor-
able.

Inthe lens system ZL, one or a plurality of lens components
or a part thereof may be a focusing lens group which 1s moved
along the optical axis so as to focus from an object at infinity
to an object at a short distance. In this case, the focusing lens
group 1s employable for autofocusing and suitable for being
driven with a motor (such as ultrasonic motor) for autofocus-
ing. In this embodiment, 1t will be preferred 1f the cemented
lens G89 arranged closest to the image 1n the lens system 7L
1s moved at a speed different from that of another lens along
an optical axis upon focusing. This can prevent spherical
aberration and field tilts from occurring upon focusing to the
object at a short distance. The aperture stop S moves along the
optical axis together with the front-side negative lens com-
ponent G4 or rear-side negative lens component GS upon
focusing.

Preferably, the cemented lens G89 arranged closest to the
image satisfies the following conditional expression (6):

1 </89/f<2 (6)
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where 189 denotes the focal length of the cemented lens
arranged closest to the image, and 1 denotes the focal length of
the lens system as a whole.

The conditional expression (6) 1s a condition for defining,
the ratio of the focal length of the cemented lens arranged
closest to the image to the focal length of the lens system ZL
as a whole. When the ratio exceeds the upper limit of the
conditional expression (6), the lens system as a whole
becomes bulky. Also, upon focusing at a finite distance, the
image surface may fluctuate greatly, thereby making 1t hard to
correct aberrations from infimity to a short distance. It 1s also
unfavorable 1n that the moving direction 1s so long that func-
tions may deteriorate greatly. When the ratio 1s less than the
lower limit of the conditional expression (6), on the other
hand, 1t 1s untavorable 1n that aberrations, such as chromatic
aberration in particular, are harder to correct.

The lens system ZL in accordance with this embodiment
has a focal length on the order of 60 to 150 mm, preferably on
the order of 80 to 90 mm, 1n terms of 35-mm film format.
More preferably, in the lens system ZL 1n accordance with
this embodiment, the distance from the image-side surface of
the positive lens G9 arranged closest to the image to the image
surface (back focus) 1s on the order of 10 to 30 mm in the
shortest state.

The following can appropriately be employed within the
range where optical performances are not damaged.

First, the lens surfaces may be aspherical. The aspherical
lens surfaces may be any of those made by grinding, glass-
molded aspherical surfaces in which glass 1s formed aspheri-
cal with molds, and composite aspherical surfaces 1n which a
resin 1s formed aspherical on a surface of glass. Preferably, at
least one of the image-side surface of the front-side negative

lens component G4 (negative meniscus lens L4 1n FIG. 1), the
object-side surface of the rear-side negative lens component
G5 (double concave lens LS 1 FIG. 1), and the image-side
surface of the rear-side positive lens component G6 (double
convex lens L6 1n FIG. 1), or the object-side surface of the
positive lens G8 (double convex lens L8 1n FIG. 1) 1s an
aspherical surface. The lens surfaces may also be diffractive
surfaces. The lenses may be gradient-index lenses (GRIN
lenses) or plastic lenses.

Though the aperture stop S 1s preferably arranged between
the front-side negative lens component G4 (negative menis-
cus lens L4 1n FIG. 1) and the rear-side negative lens compo-
nent G5 (double concave lens L5 1n FIG. 1), alens frame may
act therefor without providing any member as the aperture
stop.

An antireflection coating exhibiting high transmittance
over a broad wavelength range may be applied to each lens
surface, so as to reduce flares and ghosts, whereby optical
performances with a high contrast can be achieved.

FIGS. 9 and 10 show the structure of a digital still camera
1 (heremnafter simply referred to as camera 1) as an optical
device equipped with the above-mentioned lens system ZL..
When an undepicted power button 1s pressed in this camera 1,
an undepicted shutter of the lens system 1s released, so that
light from an undepicted object 1s converged by the lens
system ZL, so as to form an 1image on an 1maging device C
(e.g., film, CCD, or CMOS) arranged at an 1image surface I.
The object image formed on the imaging device C 1s dis-
played on a liquid crystal monitor 2 arranged behind the
camera 1. After deciding a composition of the object image
while viewing the liquid crystal monitor 2, a photographer
pushes down a release button 3, so as to capture the object
image with the imaging device C and record 1t into an unde-
picted memory for storage.
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Arranged 1n the camera 1 are an auxiliary light emitting
part 4 for emitting auxiliary light when the object 1s dark, a
wide (W)-telephoto (T) button 5 for zooming the variable
power optical system ZL from the wide-angle end state (W) to
the telephoto end state (1), a function button 6 used for setting,
various conditions and the like of the camera 1, and the like.

Second Embodiment

A preferred second embodiment of the present invention
will now be explained with reference to the drawings. As
shown 1n FIG. 11, this lens system comprises, 1in order from
an object along an optical axis, a front-side lens group GF
having a positive refractive power and a rear-side lens group
GR having a positive refractive power. The front-side lens
group GF includes, 1n order from the side closest to the object,
a first lens component G1 having a positive refractive power
and a second lens component G2 having a positive refractive
power. The rear-side lens group GR has a cemented lens G89
constructed by cementing together a positive lens G8 and a
negative lens G9 1n order from the object. Such a structure
allows the lens system SL to become a large-aperture lens
having an effective diameter on the order of 25 to 30 mm.
Since the cemented lens G89 constructed by cementing the
positive lens G8 and negative lens G9Y together 1s arranged as
the lens closest to the image, the image-side lens also exhibits
an achromatic etfect, whereby the lens system SL as a whole
can correct the chromatic aberration. This can reduce tluctua-
tions in chromatic aberration upon focusing in particular.
Such a cemented lens can prevent light beams from being
totally reflected, so that the light beams can favorably pass
through the lens.

As shown 1n FIG. 11, a specific preferred mode of the lens
system SL comprises not only the above-mentioned first lens
component 1, second lens component G2, and cemented
lens G89, but also, 1n order from the object between the image
side of the second lens component G2 and the object side of
the cemented lens G89, a third lens component G3 having a
meniscus form with a convex surface facing the object, a
front-side negative lens component G4 as a fourth lens com-
ponent having a negative refractive power, an aperture stop S,
a cemented lens G356 constructed by cementing together a
rear-side negative lens component G5 as a fifth lens compo-
nent having a negative refractive power and a rear-side posi-
tive lens component G6 as a sixth lens component having a
positive refractive power, and a seventh lens component G7
having a positive refractive power, so as to be composed of
nine lenses 1n seven groups.

The lens system SL 1s a modification of a so-called Gaus-
s1an lens system. The Gaussian lens system has a form sub-
stantially symmetrical about a stop, thereby making 1t easy to
correct distortion and the like. In the lens system SL, three
lens components (first to third lens components G1 to G3 1n
FIG. 11) are arranged on the object side of the negative
meniscus lens (front-side negative lens component G4 as a
fourth lens component 1n FIG. 11) positioned closer to the
object than 1s the aperture stop S, so as to increase their
respective radi1 of curvature, thereby suppressing the occur-
rence of spherical aberration.

Preferably, each of the first lens component G1 and second
lens component G2 1n the lens system SL has ameniscus form
with a convex surface facing the object. Preferably, the third
lens component G3 has a meniscus form with a convex sur-
face facing the object. Preferably, the fourth lens component
(4 as the front-side negative lens component has a meniscus
form with a convex surface facing the object. Preferably, the
fifth lens component G5 and the sixth lens component G6 are
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cemented together so as to form a cemented lens. Preferably,
the fifth lens component G5 as the rear-side negative lens
component has a double concave surface. Preferably, the
sixth lens component G6 has a double convex form. Prefer-
ably, the seventh lens component G7 1s a positive lens having
a double convex form or a positive meniscus lens having a
convex surface facing the image. Preferably, the positive lens
G8 1n the cemented lens G89 arranged closest to the image
has a double convex form.

When arranging the third lens component G3 having a
positive or negative refractive power between the second lens
component G2 and the fourth lens component G4 as men-
tioned above, the third lens component G3 1s preterably com-
posed of one ortwo lenses. When the seventh lens component
(7 1s arranged between the rear-side negative lens component
(G5 and the cemented lens G89, the seventh lens component
(7 1s preferably composed of one or two lenses and prefer-
ably has a positive refractive power.

Conditions for constructing such a lens system SL will now
be explained with reference to two examples. To begin with,
conditions concerning the first example will be explained.
Preferably, upon focusing from infinity to an object at a short
distance, the front-side lens group GF and the rear-side lens
group GR move along the optical axis by respective amounts
of movement different from each other so as to increase a
distance between the front-side lens group GF and the rear-
side lens group GR, while the lens system SL satisfies the
following conditional expression (7):

0.79<fF/fR<1.58 (7)

where IF denotes the focal length of the front-side lens group
GF, and IR denotes the focal length of the rear-side lens group
R.

The conditional expression (7) 1s a conditional expression
for defining an approprate ratio between the respective focal
lengths of the front-side lens group GF and rear-side lens
group GR. When the ratio exceeds the upper limit of the
conditional expression (7), the amount of spherical aberration
and coma occurring 1n the rear-side lens group GR alone
becomes greater. This unfavorably increases fluctuations in
various aberrations at the time of focusing. For making the
elfects of the present invention reliable, the upper limit of the
conditional expression (7) 1s preferably 1.52. For making the
elfects of the present invention more reliable, 1t will be more
preferred 11 the upper limit of the conditional expression (7) 1s
1.46. For making the effects of the present invention further
reliable, 1t will be further preferred 1f the upper limit of the
conditional expression (7) 1s 1.40. When the ratio 1s less than
the lower limit of the conditional expression (7), on the other
hand, 1t 1s unfavorable in that the refractive power of the
front-side lens group GF as a whole becomes stronger, so that
the lens system as a whole may fail to favorably correct
spherical aberration. For making the effects of the present
invention reliable, the lower limit of the conditional expres-
sion (7) 1s preferably 0.85. For making the effects of the
present invention more reliable, it will be more preferred 1
the lower limit of the conditional expression (7) 1s 0.90. For
making the effects of the present invention further reliable, 1t
will be further preterred i1 the lower limit of the conditional
expression (7) 1s 0.95.

Preferably, in the lens system SL in accordance with the
second embodiment, the front-side lens group GF and the
rear-side lens group GR move by respective ratios ol move-
ment different from each other along the optical axis upon
focusing from an intermediate shooting distance to the object
at the short distance. Such a structure can favorably correct
spherical aberration and curvature of field 1n the whole shoot-
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ing distance region from infinity to the short distance. The
aperture stop S moves along the optical axis together with the
fourth lens component G4 or {ifth lens component G5 upon

focusing.
Preferably, the lens system SL satisfies the following con-

ditional expression (8):

0.78<(=f9)/f<1.59 (8)

where 19 denotes the focal length of the negative lens G9 in
the rear-side lens group GR, and 1 denotes the focal length of
the lens system SL as a whole.

The conditional expression (8) 1s a conditional expression
for defining the ratio of the focal length 19 of the negative lens
(G9 1n the rear-side lens group GR to the focal length 1 of the
lens system SL as a whole. When the ratio exceeds the upper
limit of the conditional expression (8), the chromatic aberra-
tion of magnification occurring 1n the rear-side lens group GR
alone becomes greater. This increases fluctuations 1n chro-
matic aberration of magnification at the time of focusing,
which 1s unfavorable. For making the effects of the present
invention reliable, the upper limit of the conditional expres-
sion (8) 1s preferably 1.53. For making the effects of the
present invention more reliable, it will be more preferred it
the upper limit of the conditional expression (8) 1s 1.47. For
making the effects of the present invention further reliable, it
will be further preferred 1f the upper limit of the conditional
expression (8) 1s 1.41. When the ratio 1s less than the lower
limit of the conditional expression (8), on the other hand, 1t 1s
unfavorable in that the chromatic aberration of magnification
occurring in the rear-side lens group GR alone deteriorates.
For making the effects of the present invention reliable, the
lower limit of the conditional expression (8) 1s preferably
0.85. For making the effects of the present invention more
reliable, 1t will be more preferred 11 the lower limit of the
conditional expression (8) 1s 0.90. For making the effects of
the present invention further reliable, 1t will be further pre-
terred 11 the lower limit of the conditional expression (8) 1s
0.94.

Preferably, the lens system SL satisfies the following con-
ditional expression (9):

0.30<78/f<0.50 (9)

where r8 denotes the radius of curvature of the image-side
surface of the fourth lens component G4 (the eighth lens
surface counted in order from the object in FIG. 11), and {
denotes the focal length of the lens system SL as a whole.
The conditional expression (9) 1s a conditional expression
for defining the ratio of the radius of curvature r8 of the
image-side surface of the fourth lens component G4 to the
focal length 1. When the ratio exceeds the upper limit of the
conditional expression, the Petzval sum increases so much
that curvature of field may be harder to correct, which 1s
unfavorable. For making the effects of the present invention
reliable, the upper limit of the conditional expression (9) 1s
preferably 0.45. For making the effects of the present inven-
tion more reliable, 1t will be more preferred 1t the upper limit
of the conditional expression (9) 1s 0.40. For making the
elfects of the present invention further reliable, it will be
turther preferred 1f the upper limit of the conditional expres-
sion (9) 1s 0.35. When the ratio 1s less than the lower limit of
the conditional expression (9), on the other hand, coma 1s
harder to correct. Also, the rear-side lens group GR increases
its power as a whole, so that spherical aberration may not be
corrected favorably in the lens system as a whole, which 1s
untfavorable. For making the effects of the present invention
reliable, the lower limit of the conditional expression (9) 1s
preferably 0.31. For making the effects of the present inven-
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tion more reliable, 1t will be more preferred 11 the lower limit
of the conditional expression (9) 1s 0.32.

Preferably, the lens system SL satisfies the following con-
ditional expressions (10) and (11):

1n8>n9 (10)

VR>VO (11)

wheren9 and v9 denote the refractive index and Abbe number
of the negative lens G9 arranged closest to the 1mage 1n the
cemented lens G89 included 1n the rear-side lens group GR at
d-line, respectively, and n8 and v8 denote the refractive index
and Abbe number of the positive lens G8 cemented to the
object side of the negative lens G9 at d-line, respectively.

The conditional expressions (10) and (11) are conditional
expressions for defimng the refractive powers and Abbe num-
bers of the positive lens G8 and negative lens G9 1n the
cemented lens G89 arranged closest to the image. Satistying
the conditional expression (10) can prevent the Petzval sum
from increasing. Satistying the conditional expression (11)
can favorably correct chromatic aberration. If a material hav-
ing a high refractive index 1s used for the positive lens G8 1n
order to suppress the occurrence of coma and spherical aber-
ration, the Abbe number will decrease, whereby the negative
lens G9 will tend to have a high refractive index for correcting
chromatic aberration. This may increase the Petzval sum.
When the cemented lens G89 arranged closest to the image 1s
a cemented lens satisfying the conditional expressions (10)
and (11) at the same time, by contrast, chromatic aberration
correction and the Petzval sum can be prevented from becom-
ing greater even if a material having a high refractive index 1s
used. For making the effects of the second embodiment more
reliable, 1t will be more preferred 11 the Abbe number v8 of the
positive lens G8 1s greater than the Abbe number v9 of the
negative lens G9 by at least 20, 1.e., the following conditional
expression (a2) 1s satisfied:

v8—v9=>20 (a2)

Preferably, the lens system SL satisfies the following con-
ditional expression (12):

1.00</R/f<2.00 (12)

where 1R denotes the focal length of the rear-side lens group
GR, and 1 denotes the focal length of the lens system SL as a
whole.

The conditional expression (12)1s a conditional expression
for defining the ratio of the focal length 1R of the rear-side lens
group GR to the focal length of the lens system SL as a whole.
When the ratio exceeds the upper limit of the conditional
expression (12), the lens system SL as a whole becomes
bulky. Upon focusing at a finite distance, the 1mage surface
may fluctuate greatly, thereby making it hard to correct aber-
rations from infinity to a short distance, which 1s also unifa-
vorable. For making the effects of the present invention reli-
able, the upper limit of the conditional expression (12) 1s
preferably 1.90. For making the effects of the present inven-
tion more reliable, 1t will be more preferred 1t the upper limit
of the conditional expression (12) 1s 1.80. For making the
eifects of the present invention further reliable, 1t will be
turther preferred 11 the upper limit of the conditional expres-
sion (12) 1s 1.60. When the ratio 1s less than the lower limit of
the conditional expression (12), on the other hand, 1t 1s unifa-
vorable 1n that spherical aberration 1s harder to correct. For
making the effects of the present invention reliable, the lower
limit of the conditional expression (12) 1s preferably 1.10. For
making the effects of the present mnvention more reliable, 1t
will be more preferred i1 the lower limit of the conditional
expression (12) 1s 1.20.
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Conditions concerning the second example will now be
explained. Upon focusing from infinity to an object at a short
distance, the front-side lens group GF and the rear-side lens
group GR move toward the object along the optical axis by
respective amounts of movement different from each other so
as to increase a distance between the front-side lens group GF
and the rear-side lens group GR, while the lens system SL

preferably satisfies the following conditional expressions
(13) and (14):

(v1+v2)/2>60 (13)

0.35<yR1AF1<0.80 (14)

where v1 denotes the Abbe number of the first lens compo-
nent G1 at d-line, v2 denotes the Abbe number of the second
lens component G2 at d-line, yF1 denotes the amount of
movement of the front-side lens group GF upon focusing
from 1nfinity to a magnification of —0.01, and yR1 denotes the
amount of movement of the rear-side lens group GR upon
focusing from infinity to the magnification of —0.01. When
the first lens component G1 or the second lens component G2
1s constituted by a cemented lens, 1ts Abbe number 1s an
average value of Abbe numbers of the lenses constituting the
cemented lens.

The conditional expression (13)1s a conditional expression
for defining a combination of optical material characteristics
of the first lens component G1 having a positive refractive
power and the second lens component G2 having a positive
refractive power 1n the front-side lens group GF. When the
rat1o 1s less than the lower limit of the conditional expression
(13), chromatic aberration of magnification 1s corrected
insuificiently 1n the modified Gaussian lens system SL 1n
which the lens component closest to the object 1s greatly
influential 1n the occurrence of chromatic aberration,
whereby favorable performances are harder to keep, which 1s
untfavorable. For making the effects of the present invention
reliable, the lower limit of the conditional expression (13) 1s
preferably 61. For making the effects of the present invention
more reliable, 1t will be more preferred if the lower limait of the
conditional expression (13) 1s 63. For making the effects of
the present invention further reliable, 1t will be further pre-
terred 1f the lower limit of the conditional expression (13) 1s
65.

The conditional expression (14)1s a conditional expression
for defining an appropnate range of the moving ratio of the
front-side lens group GF and rear-side lens group GR upon
focusing at an intermediate shooting distance. When the ratio
exceeds the upper limit of the conditional expression (14),
coma and curvature of field are corrected 1n excess, which 1s
untfavorable. For making the effects of the present invention
reliable, the upper limit of the conditional expression (14) 1s
preferably 0.77. For making the effects of the present inven-
tion more reliable, it will be more preferred if the upper limit
of the conditional expression (14) 1s 0.74. For making the
cifects of the present invention further reliable, it will be
turther preferred 1f the upper limit of the conditional expres-
sion (14)1s 0.71. When the ratio is less than the lower limit of
the conditional expression (14), on the other hand, 1t 1s unia-
vorable 1n that coma and curvature of field are harder to
correct. For making the effects of the present invention reli-
able, the lower limit of the conditional expression (14) is
preferably 0.39. For making the effects of the present inven-
tion more reliable, 1t will be more preferred i1 the lower limat
of the conditional expression (14) 1s 0.43. For making the
cifects of the present invention further reliable, 1t will be
turther pretferred 1f the lower limit of the conditional expres-

sion (14)1s 0.47.
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Preferably, assuming thatnl denotes the refractive index of
the first lens component G1 at d-line and n2 denotes the
refractive index of the second lens component G2 at d-line,
the lens system SL satisfies the following conditional expres-
sion (15). When the first lens component G1 or the second
lens component G2 1s constituted by a cemented lens, 1ts
Abbe number 1s an average value of Abbe numbers of the
lenses constituting the cemented lens.

(n14+#2)/2>1.49 (15)

The conditional expression (15)1s a conditional expression
for defining the refractive index of two meniscus lens com-
ponents G1, G2 on the object side. Satistying the conditional
expression (15) can favorably correct coma and chromatic
aberration ol magnification. For making the effects of the
present invention reliable, the lower limit of the conditional
expression (135) 1s preferably 1.52. For making the effects of
the present invention more reliable, 1t will be more preferred
if the lower limit of the conditional expression (15) 1s 1.55.
For making the effects of the present invention further reli-
able, 1t will be further preterred if the lower limit of the
conditional expression (15) 1s 1.59.

Preferably, in the lens system SL 1n accordance with this
embodiment, the front-side lens group GF and rear-side lens
group GR move by respective ratios of movement different
from each other along the optical axis upon focusing from an
intermediate shooting distance to the object at the short dis-
tance. Such a structure can favorably correct spherical aber-
ration and curvature of field 1n the whole shooting distance
region from infinity to the short distance. The aperture stop S

moves along the optical axis together with the fourth lens
component G4 or fifth lens component G5 upon focusing.

Preferably, the lens system SL satisfies the following con-
ditional expression (16):

0.35<yR2AF2<0.50 (16)

where vF2 and yR2 denote the respective amounts of move-
ment of the front- and rear-side lens groups GF, GR upon
focusing from infinity to a magmfication of -0.07.

The conditional expression (16)1s a conditional expression
for defining an approprate range of the moving ratio of the
front-side lens group GF and rear-side lens group GR upon
focusing at a short shooting distance. When the ratio exceeds
the upper limit of the conditional expression (16), coma and
curvature of field are corrected 1n excess, which 1s unfavor-
able. For making the efiects of the present invention reliable,
the upper limit of the conditional expression (16) 1s preferably
0.48. For making the effects of the present invention more
reliable, 1t will be more preferred if the upper limit of the
conditional expression (14)1s 0.46. When the ratio 1s less than
the lower limit of the conditional expression (16), on the other
hand, 1t 1s unfavorable 1n that coma and curvature of field are
harder to correct. For making the effects of the present inven-
tion reliable, the lower limit of the conditional expression (16)
1s preferably 0.36. For making the effects of the present
invention more reliable, 1t will be more preferred 11 the lower
limit of the conditional expression (16) 1s 0.37.

Preferably, assuming that n9 and v9 denote the refractive
index and Abbe number of the negative lens G9 arranged
closest to the image in the cemented lens G89 at d-line,
respectively, and n8 and v8 denote the refractive mndex and
Abbe number of the positive lens G8 cemented to the object
side of the negative lens G9 at d-line, respectively, the lens



US 8,630,046 B2

17

system SL satisfies the following conditional expressions
(17) and (18):

1n8>n9 (17)

vE>vO

(18)

The conditional expressions (17) and (18) are conditional
expressions for defimng the refractive powers and Abbe num-
bers of the positive lens G8 and negative lens G9 1n the
cemented lens G89 arranged closest to the image. Satistying
the conditional expression (17) can prevent the Petzval sum
from increasing. Satistying the conditional expression (18)
can favorably correct chromatic aberration. If a material hav-
ing a high refractive index 1s used for the positive lens G8 1n
order to suppress the occurrence of coma and spherical aber-
ration, the Abbe number will decrease, whereby the negative
lens G9 will tend to have a high refractive index for correcting
chromatic aberration. This may increase the Petzval sum.
When the cemented lens G89 arranged closest to the image 1s
a cemented lens satisfying the conditional expressions (17)
and (18) at the same time, by contrast, chromatic aberration
correction and the Petzval sum can be prevented from increas-
ing even 1f a material having a high refractive index 1s used.
For making the effects of the second embodiment more reli-
able, 1t will be more preferred 1f the Abbe number v8 of the
positive lens G8 1s greater than the Abbe number v9 of the
negative lens G9 by at least 20, 1.¢., the following conditional
expression (a3) 1s satisfied:

v&-v9=>20 (a3)

Preferably, the lens system SL satisfies the following con-
ditional expression:

0.30<r8/f<0.50 (19)

where r8 denotes the radius of curvature of the image-side
surface of the fourth lens component G4 (the eighth lens
surface counted in order from the object 1n FIG. 1), and {
denotes the focal length of the lens system SL as a whole.

The conditional expression (19)1s a conditional expression
for defiming the ratio of the radius of curvature of the 1mage-
side surface of the fourth lens component G4 to the focal
length . When the ratio exceeds the upper limit of the con-
ditional expression, the Petzval sum increases so much that
curvature of field may be harder to correct, which 1s unfavor-
able. For making the effects of the present invention reliable,
the upper limit of the conditional expression (19)1s preferably
0.45. For making the effects of the present invention more
reliable, 1t will be more preferred i the upper limit of the
conditional expression (19) 1s 0.40. For making the effects of
the present invention further reliable, 1t will be further pre-
terred if the upper limit of the conditional expression (19) 1s
0.35. When the ratio 1s less than the lower limit of the condi-
tional expression (19), on the other hand, coma 1s harder to
correct. Also, the rear-side lens group GR 1ncreases its power
as a whole, so that spherical aberration may not be corrected
tavorably, which 1s unfavorable. For making the effects of the
present invention reliable, the lower limit of the conditional
expression (19) 1s preferably 0.31. For making the effects of
the present invention more reliable, 1t will be more preferred
if the lower limit of the conditional expression (19) 1s 0.32.

Preferably, the lens system SL satisfies the following con-
ditional expression (20):

1.00</R/f<2.00 (20)

here 1R denotes the focal length of the rear-side lens group
R, and 1 denotes the focal length of the lens system SL as a
hole.
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The conditional expression (20) 1s a conditional expression
for defining the ratio of the focal length 1R of the rear-side lens
group GR to the focal length of the lens system SL as a whole.
When the ratio exceeds the upper limit of the conditional
expression (20), the lens system SL as a whole becomes
bulky. Upon focusing at a finite distance, the 1mage surface
may fluctuate greatly, thereby making it hard to correct aber-
rations from infinity to a short distance, which 1s also unia-
vorable. For making the effects of the present invention reli-
able, the upper limit of the conditional expression (20) 1s
preferably 1.90. For making the effects of the present inven-
tion more reliable, 1t will be more preferred 1f the upper limit
of the conditional expression (20) 1s 1.80. For making the
cifects of the present invention further reliable, 1t will be
turther preferred 11 the upper limit of the conditional expres-
sion (20) 1s 1.60. When the ratio 1s less than the lower limit of
the conditional expression (20), on the other hand, 1t 1s unfa-
vorable 1n that spherical aberration 1s harder to correct. For
making the effects of the present invention reliable, the lower
limit of the conditional expression (20) 1s preferably 1.10. For
making the effects of the present mnvention more reliable, 1t
will be more preferred i1 the lower limit of the conditional
expression (20) 1s 1.20.

In order to prevent shooting from failing because of 1mage
blurs caused by camera shakes and the like, the lens system
SL. can combine a shake detection system for detecting shakes
of the lens system and driving means with the lens system and
drive the whole or part of one of the lens groups constituting
the lens system as a shift lens group with the driving means
such that the shift lens group 1s decentered so as to correct
image blurs (fluctuations in the image surface position) due to
shakes of the lens system detected by the shake detection
system, thus shifting the image, thereby correcting the image
blurs. Thus, the lens system SL 1n accordance with the second
embodiment can function as a so-called vibration reduction
optical system.

Though the lens system 1s constructed by two movable
groups 1n this embodiment, additional lens groups may be
inserted between the existing lens groups or arranged adja-
cent thereto on the 1mage side or object side of the lens
system.

The lens system SL 1n accordance with the second embodi-
ment has a focal length on the order of 60 to 150 mm, prei-
erably on the order of 80 to 90 mm, 1n terms of 35-mm film
format. More preferably, in the lens system SL in accordance
with the second embodiment, the distance from the image-
side surface of the positive lens G9 arranged closest to the
image to the 1image surface (back focus) 1s on the order of 10
to 30 mm 1n the shortest state.

The following can appropriately be employed within the
range where optical performances are not damaged.

First, the lens surfaces may be aspherical. The aspherical
lens surfaces may be any of those made by grinding, glass-
molded aspherical surfaces in which glass 1s formed aspheri-
cal with molds, and composite aspherical surfaces 1n which a
resin 1s formed aspherical on a surface of glass. Preferably, at
least one of the 1image-side surface of the fourth lens compo-
nent G4 as the front-side negative lens component (negative
memscus lens L4 in FIG. 11), the object-side surface of the
fifth lens component G5 as the rear-side negative lens com-
ponent (double concave lens LS i FIG. 11), and the image-
side surface of the sixth lens component G6 as the rear-side
positive lens component (double convex lens 1.6 1n FIG. 11),
or the object-side surface of the positive lens G8 (double
convex lens L8 1n FIG. 11) 1s an aspherical surface. The lens
surfaces may also be diffractive surfaces. The lenses may be
gradient-index lenses (GRIN lenses) or plastic lenses.
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Though the aperture stop S 1s preferably arranged between
the fourth lens component G4 as the front-side negative lens

component (negative meniscus lens L4 in FIG. 11) and the
fifth lens component G5 as the rear-side negative lens com-
ponent (double concave lens L3 1n FI1G. 11), a lens frame may
act therefor without providing any member as the aperture
stop.

An antireflection coating exhibiting high transmittance
over a broad wavelength range may be applied to each lens
surface, so as to reduce flares and ghosts, whereby optical
performances with a high contrast can be achieved.

FI1G. 19 shows the structure of a digital still camera 101 as
an optical device equipped with the above-mentioned lens
system SL.. When an undepicted power button 1s pressed 1n
this digital still camera 101, an undepicted shutter of the lens
system SL 1s released, so that light {from an undepicted object
1s converged by the lens system SL, so as to form an 1image on
an 1maging device C (e.g., film, CCD, or CMOS) arranged at
an 1mage surface I. The object image formed on the 1maging
device C 1s displayed on a liquid crystal monitor 2 arranged
behind the digital still camera 101. After deciding a compo-
sition of the object image while viewing the liquid crystal
monitor 2, a photographer pushes down a release button 3, so
as to capture the object image with the imaging device C and
record 1t 1into an undepicted memory for storage. The lens
system SL 1s also employable as an interchangeable lens
system detachably mountable to a camera body.

An outline of a method of manufacturing the lens system
will now be explained with reference to FIG. 20.

To begin with, each lens 1s built into a cylindrical lens
barrel. The lenses may be built into the lens barrel one by one
in their order along the optical axis, or a part or all of the
lenses may be integrally held with a holding member and then
assembled with a lens barrel member. Here, 1n the lens system
of this embodiment, the first lens component L1 having a
positive refractive power, the second lens component L2 hav-
ing a positive refractive power, the third lens component L3
having a positive refractive power, the fourth lens component
[.4 having a negative refractive power, the fifth lens compo-
nent LS having a negative refractive power, the sixth lens
component 1.6 having a positive refractive power, the seventh
lens component L7 having a positive refractive power, the
cemented lens constructed by cementing together the positive
lens L8 and the negative lens L9 are arranged 1n order from
the object. Preferably, after the lenses are built into the lens
barrel, whether or not an 1image of an object 1s formed 1n the
state where the lenses are built into the lens barrel 1s deter-
mined.

After the lens system 1s assembled as mentioned above, 1ts
various actions are verified. Examples of the actions include
a varying a focusing action in which a lens group for focusing
from an object at infinity to an object at a short distance moves
along the optical axis, and a camera shake correcting action 1in
which at least a part of lenses moves so as to have a compo-
nent orthogonal to the optical axis. The various actions can be
verified 1n any order.

The present mnvention 1s explained with reference to con-
stituent features of 1ts embodiments for easier understanding,
but 1s not limited thereto as a matter of course.

EXAMPLES

Examples 1 to 4 1n accordance with the first embodiment of
the present invention will now be explained with reference to
the drawings. F1IGS. 1,3, 5, and 7 are sectional views showing,
structures of lens systems ZL (Z1.1 to ZL4) in accordance
with Examples 1 to 4, respectively, while arrows therein
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indicate directions by which lens groups are moved along the
optical axis when focusing the lens systems Z1.1 to Z1.4 from

infinity to an object at a short distance. As shown 1n FIGS. 1,
3,5, and 7 and described above, each of the lens systems Z1.1
to Z1.4 1s composed, 1 order from the object, of the first lens
component G1 having a positive refractive power, the second
lens component G2 having a positive refractive power, the
third lens component G3 having a meniscus form with a
convex surface facing the object, the front-side negative lens
component (fourth lens component) G4 having a negative
refractive power, the aperture stop S, the cemented lens G56
constructed by cementing together the rear-side negative lens
component (fifth lens component) G5 having a negative
refractive power and the rear-side positive lens component
(s1xth lens component) G6 having a positive refractive power,
the seventh lens component G7 having a positive refractive
power, the cemented lens G89 constructed by cementing a
positive lens G8 and a negative lens G9 together, and a filter
group FL. The filter group FL 1s constituted by a low-pass
filter, an infrared cut filter, and the like. As shown 1n FIG. 10,
the 1mage surface I forms an 1mage on the 1imaging device C

(e.g., ilm, CCD, or CMOS).

Example 1

FIG. 1 1s a view showing the structure of the lens system
/1.1 1n accordance with Example 1 of the present invention.
Example 1 1s an example of the first embodiment. In the lens
system ZL1 of FIG. 1, the first lens component G1 1s consti-
tuted by a positive meniscus lens L1 having a convex surface
facing the object, the second lens component G2 1s consti-
tuted by a positive meniscus lens .2 having a convex surface
facing the object, the third lens component G3 1s constituted
by apositive meniscus lens 1.3 having a convex surface facing
the object, the front-side negative lens component (fourth lens
component) G4 1s constituted by a negative meniscus lens .4
having a convex surface facing the object, the cemented lens
(556 1s constructed by cementing together the rear-side nega-
tive lens component GS (fifth lens component) composed of
a double concave lens LS and the rear-side positive lens
component G6 (sixth lens component) composed of a double
convex lens L6, the seventh lens component G7 1s constituted
by a double convex positive lens L7, and the cemented lens
(89 1s constructed by cementing together an eighth lens G8
composed of a double convex lens L8 and a ninth lens G9
composed of a double concave lens L9.

Focusing from a long distance to a short distance 1s carried
out by dividing the whole lens system ZL into two groups, 1.¢.,
a set of the lens components G1 to G7 and the cemented lens
(89, and extending them separately toward the object. Upon
focusing, the aperture stop S moves along the optical axis
together with the front-side negative lens component G4 and
the rear-side negative lens component GS. At the time of
focusing, the front-side lens group (G1 to G7) moves faster
than the rear-side lens group (cemented lens G89).

The following Table 1 lists values of data in Example 1. In
Table 1, 1, F.NO, and 2w denote the focal length, f-number,
and angle of view, respectively. The surface number indicates
the lens surface number counted in order from the object
along the advancing direction of light beams, the surface
distance indicates the distance on the optical axis from each
optical surface to the next optical surface, and the refractive
index and Abbe number refer to their values at d-line
(A=5387.6 nm). The total lens length indicates the length on the
optical axis from the first lens surface to the image surface
when focused at imfinity. While “mm”™ 1s generally used for
the unit of lengths such as focal length 1, radius of curvature
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r, and surface distance d listed 1n all of the following data
values, the unit 1s not limited thereto, since optical systems
can attain siumilar optical performances even aiter being pro-
portionally enlarged or reduced. The radius of curvature of
0.0000 indicates a plane, while the refractive mdex of atr,
which 1s 1.00000, 1s omitted. These explanations of symbols
and data tables also apply to examples which will follow. In
the following tables, IH, TLL, IF, ID, and SD denote Image
height, Total lens length, Infinity, Intermediate distance, and
Short distance, respectively. Also, s, r, d, n, and v denote the
Surface No., Radius of curvature, Surface distance, Refrac-
tive index, and Abbe number, respectively, 1n the following
tables.

TABLE 1
f=32.0
F.NO=1.2
2m =29.9
[H = &.5
TLL = 54.6
S r d n v
1 28.9228 4.30 1.5924 68.36
2 228.3618 0.10
3 26.0101 3.39 1.5924 68.36
4 63.1641 0.10
5 19.3125 4.33 1.8160 46.62
6 20.7366 1.70
7 60.3267 1.30 1.6727 32.10
8 10.9478 4.14
9 0.0000 4.55 (aperture stop)
10 —-12.1627 1.00 1.6727 32.10
11 69.4239 5.19 1.8830 40.76
12 —-20.9084 0.10
13 270.4986 2.85 1.7550 52.32
14 —-37.4965 (d1)
15 46.6626 4.50 1.8830 40.76
16 —-25.9360 2.99 1.7618 26.52
17 258.6980 (d2)
18 0.0000 1.00 1.5168 64.10
19 0.0000 1.50
20 0.0000 1.87 1.5168 64.10
21 0.0000 0.40
22 0.0000 0.70 1.5168 64.10
23 0.0000 0.50

In Example 1, the axial air space d1 between the seventh
lens component G7 and eighth lens G8 (cemented lens G89)
and the axial air space d2 between the ninth lens component
(G9 and filter group FL vary upon focusing. The following

Table 2 lists values of variable spaces at infinity and at a
magnification of 1/13.6.

TABLE 2
Magnification
Infinity 1/13.6
dl1 0.10 2.05
d2 7.98 9.55

The following Table 3 lists values corresponding to the
conditional expressions 1n Example 1. In Table 3, nl, v1, n2,
v2, n8, v8, n9, v9, r8, and 1 denote the refractive index of the
first lens component G1 at d-line, the Abbe number of the first
lens component G1, the refractive index of the second lens
component G2 at d-line, the Abbe number of the second lens
component G2, the refractive index of the positive lens G8 at
d-line, the Abbe number of the positive lens G8, the refractive
index ol the negative lens G9 at d-line, the Abbe number of the
negative lens G9, the radius of curvature of the eighth surface
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on the 1image side of the front-side negative lens component
G4, and the focal length of the lens system ZL as a whole,

respectively. These explanations of symbols also apply to
examples which will follow.

TABLE 3

(1) (nl +n2)/2 =1.5920
(2) (V1 +v2)/2 = 68.36
(3) n8 = 1.8830

n9 = 1.7618
(4) v8 =40.76

VO = 26.52
(5) 18/f=0.34
(6) 1R9/f=1.51

(L]

FIG. 2 shows various aberration charts of Example 1. FIG.
2A 1s an aberration chart showing various aberrations 1n a
state focused at infinity, while FIG. 2B 1s an aberration chart
showing various aberrations 1n a state focused at a finite
distance. In each aberration chart, NA, Y, d, g, C, and F
indicate the numerical aperture, image height, d-line
(A=587.6 nm), g-line (A=435.6 nm), C-line (A=656.3 nm),
and F-line (A=486.1 nm), respectively. In each astigmatism
chart, solid and broken lines indicate sagittal and meridional
image surfaces, respectively. In each spherical aberration
chart, solid and broken lines indicate spherical aberration and
sine condition, respectively. These explanations of the aber-
ration charts also apply to the following examples. As can be
seen from the aberration charts, various aberrations are favor-
ably corrected 1n each focus state, whereby Example 1 has
excellent image-forming performances.

Example 2

FIG. 3 1s a view showing the structure of the lens system
/1.2 1n accordance with Example 2 of the present invention.
Example 2 1s an example of the first embodiment. In the lens
system Z1.2 of FIG. 3, the first lens component G1 1s consti-
tuted by a positive meniscus lens L1 having a convex surface
facing the object, the second lens component G2 1s consti-
tuted by a positive meniscus lens .2 having a convex surface
facing the object, the third lens component G3 1s constituted
by apositive meniscus lens .3 having a convex surface facing
the object, the front-side negative lens component (fourth lens
component) G4 1s constituted by a negative meniscus lens L4
having a convex surface facing the object, the cemented lens
(356 1s constructed by cementing together the rear-side nega-
tive lens component GS (fifth lens component) composed of
a double concave lens L5 and the rear-side positive lens
component G6 (sixth lens component) composed of a double
convex lens L6, the seventh lens component G7 1s constituted
by apositive meniscus lens L7 having a convex surface facing
the 1image, and the cemented lens G89 1s constructed by
cementing together an eighth lens G8 composed of a double
conveXx lens L8 and a ninth lens G9 composed of a negative
meniscus lens L9 having a convex surface facing the image.

Focusing from a long distance to a short distance 1s carried
out by dividing the whole lens system ZL into three groups,
1.€., a set of the lens components G1 to G4, a set of the lens
components G5 to G7, and the cemented lens G89, and
extending them separately toward the object. Upon focusing,
the aperture stop S moves along the optical axis together with
the front-side negative lens component G4. At the time of
focusing, the set of lens components G1 to G4, the set of lens
components GS to G7, and the cemented lens G89 move
faster 1in this order.
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The following Table 4 lists values of data in Example 2.
TABLE 4
f=32.0
F.NO=1.2
200 =29.9
IH=18.5
11.L.=54.4
S r d n %
1 3°7.0000 3.53 1.5924 68.36
2 234.8452 0.10
3 24.44%87 3.93 1.5924 68.36
4 79.8238 0.10
5 19.5757 5.63 1.8160 46.62
6 19.2626 1.57
7 48.1037 0.80 1.6727 32.10
8 10.9088 4.05
9 0.0000 (d1) (aperture stop)
10 -12.2741 0.80 1.6989 30.13
11 59.2157 5.0%8 1.8830 40.76
12 —19.1818 0.10
13 —122.2510 2.09 1.7550 52.32
14 ~42 5780 (d2)
15 38.5205 4.67 1.8830 40.76
16 —-25.0706 4.03 1.7618 20.52
17 ~223.2770 (d3)
18 0.0000 1.00 1.5168 64.10
19 0.0000 1.50
20 0.0000 1.87 1.5168 64.10
21 0.0000 0.40
22 0.0000 0.70 1.5168 64.10
23 0.0000 0.50

In Example 2, the axial air space d1 between the front-side
negative lens component G4 and rear-side negative lens com-
ponent G5, the axial air space d2 between the seventh lens
component G7 and eighth lens component G8, and the axial
air space d3 between the ninth lens component G9 and filter
group FL. vary upon focusing. The following Table 5 lists

values of variable spaces at infinity and at a magnification of
1/13.6.

TABLE 5
Magnification
Infinity 1/13.6
dl 4.23 4.62
d2 0.1 1.9
d3 7.59 9.52

The following Table 6 lists values corresponding to the
conditional expressions 1n Example 2.

TABLE 6

(1) (nl +n2)/2 = 1.5920
(2) (V1 +v2)/2 = 68.36
(3) n8 = 1.8830

n9 = 1.7618
(4) v8& =40.76

VO = 26.52
(5) r8/f=0.34
(6) fR9/f=1.03

(L]

FI1G. 4 shows various aberration charts of Example 2. FIG.
4A 1s an aberration chart showing various aberrations 1n a
state focused at infinity, while FIG. 4B 1s an aberration chart
showing various aberrations 1n a state focused at a finite
distance. As can be seen from the aberration charts, various
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aberrations are favorably corrected in each focus state,
whereby Example 2 has excellent image-forming perfor-
mances.

Example 3

FIG. 5 1s a view showing the structure of the lens system
/1.3 1n accordance with Example 3 of the present invention.
Example 3 1s an example of the first embodiment. In the lens
system ZL.3 of FIG. §, the first lens component 1 1s consti-
tuted by a positive meniscus lens L1 having a convex surtace
facing the object, the second lens component G2 1s consti-
tuted by a positive meniscus lens .2 having a convex surface
facing the object, the third lens component G3 1s constituted
by apositive meniscus lens .3 having a convex surface facing
the object, the front-side negative lens component (fourth lens
component) G4 1s constituted by a negative meniscus lens L4
having a convex surface facing the object, the cemented lens
(556 1s constructed by cementing together the rear-side nega-
tive lens component GS ({ifth lens component) composed of
a double concave lens L5 and the rear-side positive lens
component G6 (sixth lens component) composed of a double
conveXx lens L6, the seventh lens component G7 1s constituted
by a double convex positive lens L7, and the cemented lens
(G89 15 constructed by cementing together an eighth lens G8
composed of a double convex lens L8 and a ninth lens G9
composed of a double concave lens L9.

Focusing from a long distance to a short distance 1s carried
out by dividing the whole lens system ZL 1nto three groups,
1.€., a set of the lens components G1 to G4, a set of the lens
components G5 to G7, and the cemented lens G89, and
extending them separately toward the object. Upon focusing,
the aperture stop S moves along the optical axis together with
the front-side negative lens component G4. At the time of
focusing, the set of lens components G1 to G4, the set of lens
components GS to 7, and the cemented lens G89 move
faster 1n this order.

The following Table 7 lists values of data in Example 3.

TABLE 7
f=32.0
F.NO=1.2
2m =299
IH = 8.5
TLL =572
S I d I v
1 40.3452 3.29 1.4970 81.54
2 223.9692 0.10
3 28.3068 3.84 1.5924 68.36
4 127.2352 0.10
5 20.6648 5.85 1.8160 46.62
6 23.4794 1.535
7 46.6282 1.47 1.6727 32.10
8 11.4452 4.07
9 0.0000 (d1) (aperture stop)
10 -12.5129 1.00 1.6989 30.13
11 77.8330 6.92 1.8830 40.76
12 -21.0744 0.10
13 174.0421 3.16 1.7550 52.32
14 -39.3712 (d2)
15 34.3162 4.76 1.8830 40.76
16 -36.3229 1.30 1.7618 26.52
17 61.4220 (d3)
18 0.0000 1.00 1.5168 64.10
19 0.0000 1.50
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TABLE 7-continued
f=32.0
F.NO=1.2
2 =299
IH = &.5
TLL =57.2
S r d n v
20 ().0000 1.87 1.516% 64.1
21 (0.0000 0.40
22 ().0000 .70 1.516% 64.1
23 (0.0000 .50

In Example 3, the axial air space d1 between the front-side
negative lens component G4 and rear-side negative lens com-
ponent G35, the axial air space d2 between the seventh lens
component G7 and eighth lens component G8, and the axial
air space d3 between the ninth lens component G9 and filter
group FL. vary upon focusing. The following Table 8 lists
values of variable spaces at infinity and at a magnification of

1/13.6.

TABLE 8
Magnification
Infinity 1/13.6
dl 5.02 5.96
d2 0.10 2.72
d3 8.64 9.77

The following Table 9 lists values corresponding to the
conditional expressions 1n Example 3.

TABLE 9

(1) (nl +n2)/2 = 1.5447
(2) (V1 +v2)/2 = 74.95
(3) n8 = 1.8830

n9 = 1.7618
(4) v8& =40.76

VO = 26.52
(5) r8/f=0.36
(6) fR9/f=1.78

(L]

FIG. 6 shows various aberration charts of Example 3. FIG.
6A 1s an aberration chart showing various aberrations 1n a
state focused at infinity, while FIG. 6B 1s an aberration chart
showing various aberrations 1n a state focused at a finite
distance. As can be seen from the aberration charts, various
aberrations are favorably corrected in each focus state,
whereby Example 3 has excellent image-forming perior-
mances.

Example 4

FIG. 7 1s a view showing the structure of the lens system
/1.4 1n accordance with Example 4 of the present invention.
Example 4 1s an example of the first embodiment. In the lens
system Z1.4 of FI1G. 7, the first lens component G1 1s consti-
tuted by a positive meniscus lens L1 having a convex surface
facing the object, the second lens component G2 1s consti-
tuted by a positive meniscus lens .2 having a convex surface
facing the object, the third lens component G3 1s constituted
by a positive meniscus lens 1.3 having a convex surface facing,
the object, the front-side negative lens component (fourth lens
component) G4 1s constituted by a negative meniscus lens .4
having a convex surface facing the object, the cemented lens
(556 1s constructed by cementing together the rear-side nega-
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tive lens component G5 (fifth lens component) composed of
a double concave lens L5 and the rear-side positive lens
component G6 (sixth lens component) composed of a double
conveX lens L6, the seventh lens component G7 1s constituted
by a double convex positive lens L7, and the cemented lens
(G89 15 constructed by cementing together an eighth lens G8
composed of a double convex lens L8 and a ninth lens G9
composed of a double concave lens L9.

Focusing from a long distance to a short distance 1s carried
out by dividing the whole lens system ZL into three groups,
1.€., a set of the lens components G1 to G4, a set of the lens
components G5 to G7, and the cemented lens G89, and
extending them separately toward the object. Upon focusing,
the aperture stop S moves along the optical axis together with
the front-side negative lens component G4. At the time of
focusing, the set of lens components G1 to G4, the set of lens
components G5 to G7, and the cemented lens G89 move
faster 1n this order.

The following Table 10 lists values of data in Example 4.

TABLE 10
f=32.0
F.NO=1.2
2m =299
IH = 8.5
TLL =38.7

S I d n V

1 45.1295 3.37 1.5924 68.36

2 1436.3282 0.10

3 31.5479 3.39 1.5924 68.36
4 112.1635 0.10

5 21.2165 5.13 1.8160 46.62

6 22.6838 2.49

7 91.6166 0.80 1.6477 33.79

8 13.6500 3.88

9 0.0000 (d1) (aperture stop)
10 —-13.6776 0.80 1.6989 30.13
11 309.5468 6.84 1.8830 40.76
12 -21.5615 0.10
13 184.5845 2.86 1.7550 52.32
14 -44.1935 (d2)
15 38.4025 5.26 1.8830 40.76
16 -33.3169 4.61 1.7618 26.52
17 68.0862 (d3)
18 0.0000 1.00 1.5168 64.10
19 0.0000 1.50
20 0.0000 1.87 1.5168 64.10
21 0.0000 0 40
22 0.0000 0.70 1.5168 64.10
23 0.0000 0.50

In Example 4, the axial air space d1 between the front-side
negative lens component G4 and rear-side negative lens com-
ponent G35, the axial air space d2 between the seventh lens
component G7 and eighth lens component G8, and the axial
air space d3 between the ninth lens component G9 and filter
group FLL vary upon focusing. The following Table 11 lists

values ol variable spaces at infimity and at a magnification of
1/13.6.

TABLE 11
Magnification
Infinity 1/13.6
dl 4.43 5.21
d2 0.10 2.31
d3 8.47 9.95

The following Table 12 lists values corresponding to the
conditional expressions 1n Example 4.
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TABLE 12

(1) (nl +n2)/2 = 1.5920
(2) (V1 +v2)/2 = 68.36
(3) n8 = 1.8830

n9 = 1.7618
(4) v8 =40.76

VO = 26.52
(5) r8/f=0.43
(6) 1R9/f=1.87

FI1G. 8 shows various aberration charts of Example 4. FIG.
8A 1s an aberration chart showing various aberrations 1n a
state focused at infinity, while FIG. 8B 1s an aberration chart
showing various aberrations 1n a state focused at a finite
distance. As can be seen from the aberration charts, various
aberrations are favorably corrected in each focus state,
whereby Example 4 has excellent image-forming perior-
mances.

Examples 5 to 8 1n accordance with the second embodi-
ment of the present mvention will now be explained with
reference to the drawings. FIGS. 11, 13, 15, and 17 are sec-
tional views showing structures and refractive power distri-
butions of lens systems SL (SL1 to SL4) in accordance with
the examples and how their lens groups move when the focus
state changes from a state focused at infinity to a state focused
at a short distance. As shown 1n FIGS. 11, 13, 15, and 17 and
described above, each of the lens systems SLL1 to SL4 com-
prises, 1n order from the object along the optical axis, the
front-side lens group GF (composed of the first to seventh
lens components G1 to G7) having a positive refractive power
and the rear-side lens group GR (cemented lens G89) having
a positive refractive power, which are composed, 1n order
from the object, of the first lens component G1 having a
positive refractive power, the second lens component G2
having a positive refractive power, the third lens component
(G3 having a meniscus form with a convex surface facing the
object, the fourth lens component (front-side negative lens
component) G4 having a negative refractive power, the aper-
ture stop S, the cemented lens G56 constructed by cementing
together the fifth lens component (rear-side negative lens
component) G5 having a negative refractive power and the
s1xth lens component (rear-side positive lens component) G6
having a positive refractive power, the seventh lens compo-
nent G7 having a positive refractive power, the cemented lens
(89 constructed by cementing a positive lens G8 and a nega-
tive lens G9 together, and a filter group FL. The filter group
FL 1s constituted by a low-pass filter, an infrared cut filter, and
the like. When the focus state changes from the state focused
at infinity to the state focused at a short distance (1.e., upon
focusing), the front-side lens group GF and the rear-side lens
group GR moverelative to the image surface, thereby varying
the distance between the front-side lens group GF and the
rear-side lens group GR. As shown in FIG. 19, the image
surface I forms an 1mage on the imaging device C (e.g., film,

CCD, or CMOS).

Example 5

FIG. 11 1s a view showing the structure of the lens system
SL.1 1n accordance with Example 5 of the present invention.
Example 5 1s an example of the second embodiment. In the
lens system SLL1 of FIG. 11, the first lens component G1 1s
constituted by a positive meniscus lens L1 having a convex
surface facing the object, the second lens component G2 1s
constituted by a positive meniscus lens 1.2 having a convex
surface facing the object, the third lens component G3 1s
constituted by a positive meniscus lens .3 having a convex
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surface facing the object, the fourth lens component (front-
side negative lens component) G4 1s constituted by a negative
memscus lens .4 having a convex surface facing the object,
the cemented lens 56 1s constructed by cementing together
the fifth lens component (rear-side negative lens component)
(G5 composed of a double concave lens L5 and the sixth lens
component (rear-side positive lens component) G6 composed
of a double convex lens L6, the seventh lens component G7 1s

constituted by a double convex positive lens L7, and the
cemented lens G89 1s constructed by cementing together an
eighth lens G8 composed of a double convex lens L8 and a
ninth lens G9 composed of a double concave lens L9. The
foregoing structure of the lens system SL1 also applies to
examples which will follow.

Focusing from infinity to an object at a short distance 1s
carried out by separately extending the front-side lens group
GF and the rear-side lens group GR toward the object. The
aperture stop S 1s arranged within the front-side lens group
GF (between the front-side negative lens component G4 and
the rear-side negative lens component G3 as mentioned
above) and moves together with the front-side lens group GF
upon focusing from infinity to the object at a short distance.
These also apply to examples which will follow.

The following Table 13 lists values of data in Example 5. In
Table 13, 1, F.NO, 2m, and Bt denote the focal length, f-num-
ber, angle of view, and back focus, respectively. The surface
number indicates the lens surface number counted in order
from the object along the advancing direction of light beams,
the surface distance indicates the distance on the optical axis
from each optical surface to the next optical surface, and the
refractive mndex and Abbe number refer to their values at
d-line (A=>587.6 nm). The total lens length indicates the length
on the optical axis from the first lens surface to the image
surface when focused at infinity. While “mm™ 1s generally
used for the unit of lengths such as focal length 1, radius of
curvaturer, and surface distance d listed 1in all of the following
data values, the unit 1s not limited thereto, since optical sys-
tems can attain similar optical performances even after being,
proportionally enlarged or reduced. The radius of curvature of
0.0000 indicates a plane, while the refractive index of air,
which 1s 1.00000, 1s omitted. These explanations of symbols
and data tables also apply to examples which will follow.

TABLE 13
f=32.00
F.NO=1.24
2m = 29.86
[H = 8.50
TLL =56.13
S I d I V
1 35.6570 5.50 1.59319 67.87
2 329.8920 0.30
3 22.5026 4.30 1.59319 67.87
4 63.9805 0.20
5 21.4046 5.10 1.81600 46.63
6 21.5939 1.30
7 57.8235 1.30 1.67270 32.11
8 10.5445 4.90
9 0.0000 4.00 (aperture stop S)
10 -11.2740 1.30 1.69895 30.13
11 56.3778 4.35 1.88300 40.77
12 —-19.0149 0.15
13 585.3078 2.85 1.75500 52.29
14 -33.3610 (d14)
15 40.4389 4.30 1.88300 40.77
16 —-29.4995 1.40 1.76182 26.56
17 880.5274 (d17)
18 0.0000 0.50 1.51680 64.12
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TABLE 13-continued

f=32.00
F.NO=1.24
20 = 29.86
[H =%.50

11LL =56.13
S I d I V
19 0.0000 4.60
20 0.0000 1.87 1.516%0 64.12
21 0.0000 0.30
22 0.0000 0.70 1.516%0 64.12
23 0.0000 (Bf)

In Example 3, the axial air space d14 between the front-

side lens group GF and rear-side lens group GR and the axial
air space d17 between the rear-side lens group GR and filter
group FLL vary upon focusing. The following Table 14 lists
values of each group space 1n states focused at infinity, an
intermediate shooting distance, and a short distance, respec-
tively. The intermediate shooting distance 1s a shooting dis-
tance at a magnification of —0.01, while the short distance 1s
a shooting distance at a magnification of —0.07. These defi-
nitions also apply to examples which will follow.

TABLE 14
IF ) SD
d14 1.2000 1.4261 3.2405
d17 5.1894 5.42438 6.8031
Bf 0.5160 0.5160 0.5160

The following Table 135 lists values corresponding to the
conditional expressions in Example 5. In Table 15, 1, {E, 1R,
19, r8, n8, n9, v8, and v9 denote the focal length of the lens
system SL as a whole, the focal length of the front-side lens
group GF, the focal length of the rear-side lens group GR, the
tocal length of the negative lens G9 1n the rear-side lens group
GR, the radius of curvature of the eighth surface on the image
side of the fourth lens component G4, the refractive index of
the positive lens G8 at d-line, the refractive index of the
positive lens G9 at d-line, the Abbe number of the positive
lens G8, and the Abbe number of the negative lens G9, respec-

tively. The foregoing explanations of symbols also apply to
examples which will follow.

TABLE 15

f=132.0013

fF = 52.0532

fR = 40.1057

f9 = —37.4422

r8 = 10.5445

n8 = 1.88300

n9 = 1.76182

v8 = 40.77

v9 = 26.56

(DfF/fR = 1.2979
(2)(-fO)/f = 1.1700
(3)r8/f = 0.3295

(4)n8 > n9:1.88300 > 1.76182
(5)v8 >v9:40.77 > 26.56
(6)fR/f = 1.2533

The following Table 16 lists values corresponding to the
conditional expressions 1n Example 3. In Table 16, v1, v2,
vF1,vR1,nl,n2,vyF2,vR2, n8, n9, v8, v9, r8, 1, and 1R denote
the Abbe number of the first lens component G1, the Abbe
number of the second lens component G2, the amount of
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movement of the front-side lens group GF upon focusing
from 1nfinity to a magnification of —0.01, the amount of
movement of the rear-side lens group GR upon focusing from
infinity to the magnification of —0.01, the refractive index of
the first lens component G1 at d-line, the amount of move-
ment of the front-side lens group GF upon focusing from
infinity to a magnification of —0.07, the amount of movement
of the rear-side lens group GR upon focusing from 1nfinity to
the magnification of -0.07, the Abbe number of the positive
lens G8 at d-line, the Abbe number of the negative lens G9 at
d-line, the radius of curvature of the image-side surface
(e1ghth surface) of the front-side negative lens component
(G4, the focal length of the lens system SL as a whole, and the
focal length of the rear-side lens group GR, respectively. The
foregoing explanations of symbols also apply to examples
which will follow.

TABLE 16

vl = 67.87

v2 = 67.87
vF1 = -0.4614
YR1 = -0.2354
nl = 1.59319
n2 =1.59319
vF2 = -3.6542
YR2 = -1.6137
n8 = 1.88300
n9 = 1.76182
V8 =40.77

VO = 26.56

18 = 10.5445
f=32.0013
fR = 40.1057

(D(V1 +v2)/2 = 67.87
(2)yR1/yF1 = 0.5102

(3)(nl +n2)/2 = 1.59319
(4)YR2/yF2 = 0.4416

(5)n8 > 1n9:1.88300 > 1.76182
(6)V8 >v9:40.77 > 26.56
(7)r8/f = 0.3295

(RYR/f = 1.2533

FIG. 12 shows various aberration charts of Example 3.
FIG. 12A 1s an aberration chart showing various aberrations
in a state focused at infinity. FIG. 12B 1s an aberration chart
showing various aberrations in a state focused at an 1nterme-
diate shooting distance with a magnification of -0.01. FIG.
12C 1s an aberration chart showing various aberrations in a
state focused at a short distance with a magnification of -0.07.
In each aberration chart, FNO, NA, A, HO, d, g, C, and F
indicate the f-number, numerical aperture, half angle of view,
object height, d-line (A=587.6 nm), g-line (A=435.6 nm),
C-line (A=656.3 nm), and F-line (A=486.1 nm), respectively.
In each astigmatism chart, solid and broken lines indicate
sagittal and meridional 1mage surfaces, respectively. These
explanations of the aberration charts also apply to the follow-
ing examples. As can be seen from the aberration charts,
various aberrations are favorably corrected in each focus
state, whereby Example 5 has excellent image-forming per-
formances.

Example 6

FIG. 13 1s a view showing the structure of the lens system
SL.2 1n accordance with Example 6 of the present invention.
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Example 6 1s an example of the second embodiment. The
structure of the lens system SL.2 shown 1n FIG. 13 1s the same
as that of the lens system SLL1 1n accordance with Example 5.
The following Table 17 lists values of data 1n Example 6.

TABLE 17
f=32.00
F.NO=1.23
20 = 29.87
[H = 8.50
TLL =56.42
S iy d I V
1 35.2403 5.50 1.59319 67.87
2 320.9635 0.30
3 23.0116 4.30 1.59319 67.87
4 61.7430 0.10
5 21.5169 5.20 1.81600 46.62
6 22.0129 1.30
7 55.3189 1.30 1.67270 32.10
8 10.6045 4.90
9 0.0000 4.00 (aperture stop S)
10 —-11.2748 1.30 1.69895 30.13
11 53.2195 4.50 1.88300 40.76
12 —-18.8925 0.10
13 301.4844 2.85 1.75500 52.32
14 —-34.5531 (d14)
15 41.3343 4.30 1.88300 40.76
16 —-31.0688 1.40 1.76182 26.52
17 458.1219 (d17)
18 0.0000 1.00 1.51680 64.10
19 0.0000 1.50
20 0.0000 1.87 1.51680 64.10
21 0.0000 0.40
22 0.0000 0.70 1.51680 64.10
23 0.0000 (Bf)

In Example 6, the axial air space d14 between the front-
side lens group GF and rear-side lens group GR and the axial
air space d17 between the rear-side lens group GR and filter
group FL vary upon focusing. The following Table 18 lists
values of each group space 1n states focused at infinity, an
intermediate shooting distance, and a short distance, respec-

tively.

d14
d17
Bf

TABLE 18
IF )
1.2000 1.4382
7.9043 8.1353
0.5000 0.5000

SD

3.3177
9.4426
0.5000

The following Table 19 lists values corresponding to the

conditional expressions 1n

Hxample 6.

TABLE 19

f=32.0001

fF = 50.5104

fR = 42.5105

f9 = —38.1450

r8 = 10.6045

n8 = 1.88300

n9 = 1.76182

v8 = 40.76

v9 = 26.52

(1)fF/fR = 1.1882
(2)(-POYf=1.1920
(3)r8/f = 0.3314

(4)n8 > n9:1.88300 > 1.76182
(5)V8 > v9:40.76 > 26.52
(6)fR/f = 1.3284
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The following Table 20 lists values corresponding to the
conditional expressions 1n Example 6.

TABLE 20

vl = 67.87

v2 = 67.87

vF1 = -0.4692

YR1 = -0.2310

nl = 1.59319

n2 = 1.59319

vF2 = =3.6560

vR2 = -1.5383

n8 = 1.88300

n9 = 1.76182

V8 = 40.76

vO = 26.52

r8 = 10.6045

f=32.0001

fR = 42.5105

(V1 +v2)/2 = 67.87
(2)yR1/¥F1 = 0.4923
(3)(nl +n2)/2 = 1.59319
(4)YR2/yF2 = 0.4208
(5)n8 >19:1.88300 > 1.76182
(6)V8 >v9:40.76 > 26.52
(7)r8/f = 0.3314
(R)R/f = 1.3284

FIG. 14 shows various aberration charts of Example 6.
FIG. 14 A 1s an aberration chart showing various aberrations
in a state focused at infinity. FIG. 14B 1s an aberration chart
showing various aberrations 1n a state focused at an 1nterme-
diate shooting distance with a magnification of -0.01. FIG.
14C 1s an aberration chart showing various aberrations in a
state focused at a short distance with amagnification of -0.07.
As can be seen from the aberration charts, various aberrations

are favorably corrected 1in each focus state, whereby Example
6 has excellent 1mage-forming performances.

Example 7

FIG. 15 15 a view showing the structure of the lens system
SL.3 1n accordance with Example 7 of the present invention.
Example 7 1s an example of the second embodiment. The
structure of the lens system SLL.3 shown 1n FIG. 15 1s the same
as that of the lens system SL1 1n accordance with Example 5.
The following Table 21 lists values of data in Example 7.

TABLE 21
f=32.00
F. NO =1.23
20 = 29.87
[H = 8.50
TLL =54.44
S I d I V
1 28.9228 4.35 1.59240 68.36
2 268.2548 0.10
3 24.4064 3.53 1.59240 68.36
4 60.0552 0.10
5 19.8422 3.97 1.81600 46.62
6 20.9876 1.77
7 68.6280 1.30 1.67270 32.10
8 10.9636 4.16
9 0.0000 4.76 (aperture stop S)
10 —11.7583 1.30 1.67270 32.10
11 70.5542 4.53 1.88300 40.76
12 -19.8231 0.10
13 861.2368 2.91 1.75500 52.32
14 -33.5214 (d14)
15 40.3110 4.53 1.88300 40.76
16 —-29.5297 1.67 1.76182 26.52
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TABLE 21-continued
f=32.00
F.NO=1.23
20 = 29.87
[H =%.50
T1.L. =54.44
S iy d n V
17 129.4578 (d17)
18 0.0000 1.00 1.516%0 64.10
19 0.0000 1.50
20 0.0000 1.87 1.516%0 64.10
21 0.0000 0.40
22 0.0000 0.70 1.51680 64.10
23 0.0000 (Bf)
In Example 7, the axial air space d14 between the front-

side lens group GF and rear-side lens group GR and the axial
air space d17 between the rear-side lens group GR and filter
group FL vary upon focusing. The following Table 22 lists
values of each group space 1n states focused at infinity, an
intermediate shooting distance, and a short distance, respec-
tively.

TABLE 22
IF ) SD
d14 1.2000 1.3739 3.4519
d17 8.1721 8.4228 9.5938
Bf 0.5000 0.5000 0.5000

The following Table 23 lists values corresponding to the
conditional expressions 1n Example 7.

TABLE 23

f=32.0003

fF = 48.5085

fR = 49.1132

f9 = -31.4199

r8 = 10.9636

n8 = 1.88300

n9 = 1.76182

v8 = 40.76

v9 = 26.52

(1)fF/fR = 0.9877
(2)(-POYf = 0.9819
(3)r8/f = 0.3426

(4)n8 > 1n9:1.88300 > 1.76182
(5)V8 > v9:40.76 > 26.52
(6)fR/f = 1.5348

The following Table 24 lists values corresponding to the
conditional expressions 1n Example 7.

TABLE 24

vl = 68.36
v2 = 68.36
vF1 = -0.4247
YR1 = -0.2507
nl = 1.59240
n2 = 1.59240
vF2 = -3.6735
YR2 = -1.4217
n8 = 1.88300
n9 = 1.76182
v8 = 40.76

VO = 26.52

r® = 10.9636
f=32.0003
fR = 49.1132
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TABLE 24-continued

(D(V1 + v2)/2 = 68.36
(2)YR1/YF1 = 0.5903

(3)(nl +n2)/2 = I. 59240
(4)yR2/yF2 = 0.3870

(5)n8 >19:1.88300 > 1.76182
(6)V8 >v9:40.76 > 26.52
(7)r8/f = 0.3426

(R)YR/T = 1.5348

FIG. 16 shows various aberration charts of Example 7.
FIG. 16A 1s an aberration chart showing various aberrations
in a state focused at infinity. FIG. 16B 1s an aberration chart
showing various aberrations in a state focused at an 1nterme-
diate shooting distance with a magnification of -0.01. FIG.
16C 1s an aberration chart showing various aberrations in a
state focused at a short distance with a magnification of -0.07.
As can be seen from the aberration charts, various aberrations
are favorably corrected in each focus state, whereby Example
7 has excellent 1mage-forming performances.

Example 8

FIG. 17 1s a view showing the structure of the lens system
SLL4 1n accordance with Example 8 of the present invention.
Example 8 1s an example of the second embodiment. The
structure of the lens system SI.4 shown 1n FIG. 17 1s the same
as that of the lens system SLL1 1n accordance with Example 5
except that the seventh lens component G7 1s constituted by a
positive menmiscus lens L7 having a convex surface facing the
image. The following Table 25 lists values of data in Example

3.

TABLE 25
f=32.00
F. NO =1.23
20 = 29.87
[H = 8.50
TLL =56.04
S I d I V
1 28.9228 4.24 1.59319 67.87
2 198.4893 0.10
3 25.2661 3.45 1.59319 67.87
4 61.0768 0.10
5 21.7621 5.60 1.81600 46.62
6 22.6394 1.41
7 59.8650 1.30 1.67270 32.10
8 10.4447 4.02
9 0.0000 5.42 (aperture stop S)
10 —-10.7127 1.30 1.67270 32.10
11 100.4090 3.97 1.81600 46.62
12 -19.6771 0.10
13 —-237.5005 3.65 1.75500 52.32
14 —-23.2086 (d14)
15 35.4041 4.81 1.88300 40.76
16 —-38.2481 1.50 1.80518 25.42
17 568.3560 (d17)
18 0.0000 1.00 1.51680 64.10
19 0.0000 1.50
20 0.0000 1.87 1.51680 64.10
21 0.0000 0.40
22 0.0000 0.70 1.51680 64.10
23 0.0000 (Bf)

In Example 8, the axial air space d14 between the front-
side lens group GF and rear-side lens group GR and the axial
air space d17 between the rear-side lens group GR and filter
group FL vary upon focusing. The following Table 26 lists
values of each group space in states focused at infinity, an
intermediate shooting distance, and a short distance, respec-
tively.
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TABLE 26
IF ) SD
d14 1.2000 1.3283 3.5662
d17 7.9000 8.1808 9.4651
Bf 0.5000 0.5000 0.5000

The following Table 27 lists values corresponding to the
conditional expressions 1n Example 8.

TABLE 27

f=32.0001

fF =54.1696

fR = 39.1379

19 = 44 4583

r® =10.4447

n& = 1.88300

n9 = 1.8051%

v& =40.76

vO =25.42

(L{EF/IR = 1.3841
(2)(-19)/ 1= 1.3893
(3)r&8/f=0.3264

(4)n8 > n9:1.88300 > 1.80518
(5)v8 >v9:40.76 > 2542
(6)IR/f=1.2231

The following Table 28 lists values corresponding to the
conditional expressions in Example 8.

TABLE 28

vl = 67.87

v2 = 67.87
vF1 = -0.4091
yR1 = -0.2808
nl = 1.59319
n2 = 1.59319
vF2 = -3.9313
YR2 = -1.5651
n8 = 1.88300
n9 = 1.80518
v8 = 40.76

V9 =25.42

I8 = 10.4447
f = 32.0001
fR = 39.1379

(D)(V1 +v2)2 = 67.87
(2)YR1/4F1 = 0.6864

(3)(nl +n2)/2 = 1.59319
(4)YR2/¥F2 = 0.3981

(5)n8 >1n9:1.88300 > 1.80518
(6)v8 > v9:40.76 > 25.42
(7)r8/f = 0.3264

(RYR/f = 1.2231

FIG. 18 shows various aberration charts of Example 8.
FIG. 18A 1s an aberration chart showing various aberrations
in a state focused at infinity. FIG. 18B 1s an aberration chart
showing various aberrations in a state focused at an interme-
diate shooting distance with a magnification of -0.01. FIG.
18C 1s an aberration chart showing various aberrations 1n a
state focused at a short distance with a magnification of -0.07.
As can be seen from the aberration charts, various aberrations
are favorably corrected 1n each focus state, whereby Example
8 has excellent image-forming performances.

The mvention 1s not limited to the fore going embodiments
but various changes and modifications of its components may
be made without departing from the scope of the present

invention. Also, the components disclosed 1n the embodi-
ments may be assembled 1n any combination for embodying,
the present invention. For example, some of the components
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may be omitted from all components disclosed in the embodi-
ments. Further, components in different embodiments may be
appropriately combined.

What 1s claimed 1s:

1. A lens system comprising, 1n order from an object, a
front-side lens group having a positive refractive power and a
rear-side lens group having a positive refractive power;

wherein the front-side lens group comprises, 1n order from

the object, a first lens component having a positive
refractive power and a second lens component having a
positive refractive power;

wherein the rear-side lens group comprises a cemented lens

constructed by cementing together a positive lens and a
negative lens 1n order from the object; and

wherein the lens system satisfies the following conditional

CXPressions:

(v1+v2)/2>60

0.35<yR1/yF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infimity to a
magnification o1 —0.01, and yR1 denotes an amount of move-
ment of the rear side lens group upon focusing from infinity to
the magnification of —0.01.

2. A lens system according to claim 1, wherein the front-
side lens group and the rear-side lens group move by respec-
tive ratios of movement different from each other along an
optical axis upon focusing from an intermediate shooting
distance to the object at a short distance.

3. A lens system according to claim 1, wherein the lens
system satisfies the following conditional expression:

0.35<yR2/yF2<0.50

where vF2 and yR2 denote respective amounts of movement
of the front- and rear-side lens groups upon focusing from
infinity to a magnification of —0.07.
4. A method of manufacturing a lens system, the method
comprising the steps of:
arranging a front-side lens group having a positive refrac-
tive power and including, 1n order from an object, a first
lens component having a positive refractive power and a
second lens component having a positive refractive
power, and a rear-side lens group having a positive
refractive power and including a cemented lens con-
structed by cementing together a positive lens and a
negative lens in order from the object; and
wherein the front-side lens group 1s adapted to be moved to
focus from 1nfinity to a magmfication of —-0.01; and
wherein the lens system satisfies the following conditional
CXPressions:

(v1+v2)/2>60

0.35<yR1/yF1<0.80

where v1 denotes an Abbe number of the first lens component
at d-line, v2 denotes an Abbe number of the second lens
component at d-line, yF1 denotes an amount of movement of
the front-side lens group upon focusing from infimty to a
magnification ol —0.01, and yR1 denotes an amount of move-
ment of the rear-side lens group upon focusing from infinity
to the magnification of —0.01.

5. A method of manufacturing a lens system according to
claim 4, wherein the front-side lens group 1s adapted to be
moved to focus from nfinity to a magnification of —0.07; and
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wherein the lens system satisfies the following conditional
CXpression:

0.35<yR2/vF2<0.50

where vF2 and yR2 denote respective amounts of movement
of the front- and rear side lens groups upon focusing from
infinity to a magnification of —0.07.
6. A lens system according to claim 1,
wherein the lens system satisfies the following conditional
CXpression:

(n14#2)/2>1.49

where nl denotes a refractive index of the first lens compo-
nent at d-line, and n2 denotes a refractive index of the second
lens component at d-line.

7. A lens system according to claim 3, wherein the front-
side lens group and the rear-side lens group move by respec-
tive ratios of movement different from each other along an
optical axis upon focusing from an intermediate shooting
distance to the object at a short distance.

8. A lens system according to claim 1, wherein each of the
first and second lens components has a meniscus form with a
convex surface facing the object.

9. A lens system according to claim 1, further comprising a
front-side negative lens component having a negative refrac-
tive power, an aperture stop, a rear-side negative lens compo-
nent having a negative refractive power, and a rear-side posi-
tive lens component having a positive refractive power in
order from the object between the second lens component and
the cemented lens.

10. A lens system according to claim 9, further comprising
a third lens component having a meniscus form with a convex
surface facing the object between the second lens component
and the front-side negative lens component.

11. A lens system according to claim 10, wherein the front-
side negative lens component 1s a fourth lens component
having a meniscus form with a convex surface facing the
object, and wherein the rearm side negative lens component 1s
a fifth lens component having a double concave form.

12. A lens system according to claim 11, further compris-
ing a seventh lens component having a positive refractive
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power between a sixth lens component as the rear-side posi-
tive lens component and the cemented lens.

13. A lens system according to claim 9, wherein the rear-
side negative lens component and the rear-side positive lens
component are cemented together so as to form a cemented
lens.

14. A lens system according to claam 1, wherein the
cemented lens 1s arranged closest to the image, and

the lens system satisfies the following conditional expres-

S10NS:

nR>nY

&>

where n8 and v8 denote a refractive index and an Abbe num-
ber of the positive lens in the cemented lens at d-line, respec-
tively, and n9 and v9 denote a refractive index and an Abbe
number of the negative lens 1n the cemented lens at d-line,
respectively.

15. A lens system according to claim 9, wherein the lens
system satisfies the following conditional expression:

0.3 <p8/f<0.5

where r8 denotes a radius of curvature of an image-side
surface of the front-side negative lens component, and {
denotes a focal length of the lens system as a whole.

16. A method of manufacturing a lens system according to
claim 4, wherein the lens system 1s constructed such that,
upon focusing from infinity to the object at a short distance,
the front-side lens group and the rear-side lens group move
along an optical axis by respective amounts of movement
different from each other.

17. A method of manufacturing a lens system according to
claim 4, wherein the lens system 1s constructed such that the
front-side lens group and the rear-side lens group move by
respective ratios of movement different from each other along
an optical axis upon focusing from an intermediate shooting
distance to the object at a short distance.
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